In order to achieve the desired polymer recycling standards, precise estimations are needed about the composition of the polymer waste streams. The technologies that are currently used for this purpose, such as the infrared spectroscopy and the pyrolysis are neither time nor energy efficient as the processes may take up to hours, moreover the results are usually concluded by only analyzing small fractions of the waste streams. Meanwhile, as the polymer consumption of the world is increasing, the recycling and recovery rates demanded by numerous laws and restrictions are getting higher as well. The aim of this paper is to introduce a new technology that utilizes centrifugal force to separate the different polymer components of a sample in a melted state, containing the most common polymers found in a regular waste stream. After the separation, using the calculation method that is described, the exact ratio of the different materials can be given as well. In order to show the possibilities hidden in this technology, two samples, containing PA/PS/PP and PET/PA/PS/PP respectively, were separated and analyzed. The promising results were verified using optical microscopy as well as Raman spectroscopy.
Introduction
The recycling of polymer wastes is an ever existing problem, as the different polymer materials are usually collected together, resulting in an extremely heterogeneous waste stream. Since the polymers are usually not compatible with each other, this waste stream must be separated in order to make it suitable for processing [1] . The recycling of the wastes is currently a multi-step process, combining different technologies [2] , but in order to achieve the desired quality of the products and to optimize the process, the composition of the waste stream has to be known. The aim of this research was to provide a feasible solution to this problem. The polymer consumption of the world is increasing 5% annually causing the growth of the waste stream as well, which is accompanied by strictening government laws. Concerning the automotive industry, the pressure from the European Community comes in the form of the 2000/53/EC Directive, which states that 85% of a car's total mass has to be recycled by the end of its lifetime. This is currently achieved by recycling the metal parts of the car which still correspond for the greater part of the vehicle's mass. After the shredding and metal recovery the remaining materials, called the automotive shredded residue (ASR) or car fluff, which accounts for almost one third of a vehicle, is currently sent to landfills [3] . Besides contaminating substances, such as glass fiber or textiles, ASR may contain up to 20 different polymer materials, but the most common ones are (i) polypropylene (PP); (ii) polyamide (PA); (iii) acrylonitrile butadiene styrene (ABS); (iv) polycarbonate (PC); (v) polyoxymethylene (POM); (vi) poly butylenes terephthalate (PBT) and others, from which the PP, PA and ABS give nearly two third of all polymer parts [4] . As a result of this high diversity, recycling car fluff properly yet remains unsolved, which is even greater problem considering the fact that the recovery rate targeted in the above mentioned directive will change from 85% to 95% by 2015, including a 5% growth in the recycling rate as well. This means that recovering the metal parts of the vehicles will no longer satisfy the demands, therefore a new, cost efficient and environmentally sustainable system is needed, which is capable of recycling not only the metal parts, but the ASR as well [5] .
Although the waste stream produced by the automotive industry is not negligible, the communal waste that is originated mainly from the households is more responsible for the environmental pollution. As a response to the problem, the EU legislatives issued several regulations, for example the Directive 2004/12/EC, which applies to the packaging wastes and similarly to the previously mentioned directive on end of life vehicles, it fixes certain recovery and recycling rates that are to be achieved. This is not an effortless task either, mainly because communal waste, just like the ASR, contains several different polymer materials, such as (i) polyethylene terephthalate (PET) from soft drink bottles; (ii) polypropylene (PP); (iii) polyethylene (PE) with high (HDPE) or low density (LDPE) from packaging and bottles; (iv) polystyrene (PS) from drinking cups and pots; and (v) polyvinyl chloride (PVC) from pipes and interior furnishings [6] . In order to meet the recycling standards, both the communal and the automotive waste stream have to be analyzed to gain more knowledge about their components. However, there are some technologies that are currently used for waste stream analysis, such as Raman spectroscopy [7] and pyrolysis [8] , their results are not satisfying. Using infrared spectroscopy [9] , the samples from the waste stream are exposed to electromagnetic radiation and by measuring the changes of the trespassing and reflected waves that are caused by each material's unique molecular structure; the different polymers can be identified. Besides the many advantages of this technology, such as high output and the chance to automate, it struggles with analysing the black coloured ASR, which simply absorbs the radiation. Another widespread technology is the pyrolysis, which estimates the composition of the waste stream by examining the decomposition product of the samples. Sadly this technology is neither time nor energy efficient as the heating process may take up to hours. Moreover, the estimation is concluded by only analysing a small fraction of the waste stream which makes it inaccurate. For all the reasons mentioned above, it would be desirable to develop a new technology. The aim of this paper is to present a new technology that uses centrifugal force to separate the previously melted components of a sample according to their difference in density. By examining the separated zones, estimation can be given for the original waste stream's composition.
Experimental

Materials
During the research, the samples were a mixture of primary polymer granules to represent the composition of a regular waste stream. Four different types of polymers were chosen, which also greatly differ in density: (i) PP (type: Tipplen R359, density: 0.90 g/cm 3 ) from TVK Nyrt (Hungary); (ii) PS (type: ENI Edistir N1840, density: 1.05 g/cm 3 ); (iii) PA (type: Lanxess Durethan B30S, density: 1.14 g/cm 3 ) and (iv) PET (type: NeoPet 80, density: 1.34 g/cm 3 ).
Equipment
In the preparation step, a CAS MWP-1500 scale was used to weight the samples. To melt the samples, a Nabertherm L9/11/C6 furnace was applied. To verify the separation and to measure the width of the zones, an Olympus BX 51M optical microscope was used, preceded by the polishing of the samples which was carried out by a Struers LaboPol-5 automatic polishing machine. For the Raman spectroscopy, a Horiba Jobin-Yvon LabRAM system was used.
Description of the technology
In order to carry out the experiments, a centrifuge device was developed (Fig. 1) . The process started by weighting each component of the sample and then mixing them up and loading them into the centrifuge. In the melting phase, the centrifuge with the samples in its three tanks was put into the furnace for 1 hour at 290°C. After all the components were melted, the shaft of the centrifuge and thus the tanks with the samples inside, were rotated for 10 minutes in the furnace with an AC
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Materials Science, Testing and Informatics VII motor at 2900 rpm. As a result of the generated centrifugal force field, the components of the samples created distinct zones according to their density. In order to preserve the zones, the device was rotated for another 10 minutes outside the furnace, at room temperature which caused the solidification of the structure. The polymer materials for the samples were chosen so that they represent the most common components of a regular waste stream. In both cases 50 grams of material was loaded into the tanks of the device. Fig. 2 shows the separation results of the mixture. Since coloured granules were used, the separation can be observed with the naked eye ( Fig. 2(a) ). The 3 different materials formed nearly hundred percent pure zones, with the PA in the outer, the PS in the middle and the PP in the inner zone. The results were also verified by an optical microscope, showing the clear boundaries between the three phases ( Fig. 2(b,c) ). As the aim of this research was to estimate the proportion of the components in the mixture, both the inner and the outer diameters of the rings were measure, containing the three different polymer materials, by the microscope, and also the height of the sample in order to calculate the volume of the rings using the following (Eq. 1): By knowing the volume of each ring and the density of the materials the mass of the rings could also be calculated (Eq. 2): *
where: V i the volume of the rings [cm 3 ], ρ i the density of the polymer in the rings [g/cm 3 ], i = PA, PS, PP As a result of knowing the mass of each polymer, the proportion of the different materials could be gives as well. Table 1 shows the results and the estimated composition of the sample, as well as the proportion of the materials loaded into the mixture. In this particular case, there was an opportunity to compare the estimated composition of the sample to the actual proportions that had been measured before the experiment, in order to draw conclusions about the efficiency of the method. As there were no significant differences concerning the values, it can be stated that the results are more than satisfying.
Experiments with the PET/PA/PS/PP mixture
In order to prove that increasing the number of components does not affect the effectiveness of the method, a four phase mixture, containing PET, PA, PS and PP (Fig. 3) , was also analyzed. The results, similarly to the previous experiment were convincing, the four different polymers formed four segregated zones, which was confirmed by the optical microscope as well ( Fig. 3(b, c) ). Fig. 4 shows the results, where the lower curves indicate the reference spectra, while the upper curves stand for the samples from the zones. Materials Science, Testing and Informatics VII
